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3ULPDWH&RQVHUYDWLRQ±
6HTXHQFHVRI7LEHWDQ0DFDTXH0DFDFDWKLEHWDQDDQG
7RXULVW%HKDYLRUVDW0W+XDQJVKDQ&KLQD
0DXUHHQ60F&DUWK\ï0HJDQ'0DWKHVRQï-DFN'/HVWHUï/RUL.6KHHUDQï
-LQ+XD/LðDQG56WHYHQ:DJQHUï
ï&HQWUDO:DVKLQJWRQ8QLYHUVLW\(OOHQVEXUJ:$86$
ð$QKXL8QLYHUVLW\+HIHL$QKXL3URYLQFH&KLQD
$EVWUDFW3UHYLRXVUHVHDUFKRQ7LEHWDQPDFDTXHV0DFDFDWKLEHWDQDDW0W+XDQJVKDQ&KLQDVXJJHVWHGWKDWHFRWRXULVPFDQ
KDYHGHWULPHQWDOFRQVHTXHQFHV7KLVVWXG\LGHQWL¿HGVHTXHQFHVRIEHKDYLRUVWKDWW\SLFDOO\RFFXULQPDFDTXHWRXULVWLQWHUDFWLRQV
WRH[DPLQHZKHWKHUSDUWLFXODUWRXULVWEHKDYLRUVSUHFLSLWDWHPRQNH\UHVSRQVHV)RFDOVDPSOLQJZDVXVHGWRUHFRUGUHOHYDQWEHKDY
LRUVIURPWRXULVWVDQGPDFDTXHVRYHUGDWDFROOHFWLRQVHVVLRQVLQ$XJXVW'DWDFROOHFWRUVUHFRUGHGZKHWKHUHDFKEHKDY
LRURFFXUUHGDVSDUWRIDVHTXHQFH6HTXHQFHVZHUHGH¿QHGDVWZRRUPRUHEHKDYLRUVLQZKLFKHDFKEHKDYLRURFFXUUHGZLWKLQ
¿YHVHFRQGVRIWKHSUHYLRXVEHKDYLRU2IWRWDOEHKDYLRUVZHUHIURPWRXULVWVDQGZHUHIURP
PRQNH\V7RXULVWVLQLWLDWHGVLJQL¿FDQWO\PRUHVHTXHQFHVWKDQGLGPDFDTXHV>@YHUVXV>@7RXULVWSRLQWLQJ
UDLOVODSSLQJÀHHLQJDQGURFNVKRZLQJRFFXUUHGVLJQL¿FDQWO\PRUHWKDQH[SHFWHGLQWRXULVWPDFDTXHVHTXHQFHV3RLQWVZHUHDOVR
DPRQJWKHPRVWFRPPRQWRXULVWEHKDYLRUVSUHFHGLQJPDFDTXHWKUHDWV%\GLVFRXUDJLQJWRXULVWVIURPHQJDJLQJLQWKHVHEHKDYLRUV
PDFDTXHWKUHDWVFRXOGEHUHGXFHGWKHUHE\LPSURYLQJPDFDTXHWRXULVWLQWHUDFWLRQV7KHVHUHVXOWVPD\DLGLQWKHPDQDJHPHQWRI
RWKHUPDFDTXHWRXULVWVLWHVWRPLQLPL]HVWUHVVLQGXFLQJLQWHUDFWLRQV
.H\ZRUGV0DFDFDWKLEHWDQDWRXULVPVWUHVVEHKDYLRUVHTXHQFHV
,QWURGXFWLRQ
,Q UHFHQW \HDUV DQWKURSRJHQLF HFRORJLFDO FKDQJHV DQG
LQFUHDVHGKXPDQSRSXODWLRQVZRUOGZLGHKDYH OHG WRKHLJKW
HQHG RSSRUWXQLWLHV IRU LQWHUDFWLRQV EHWZHHQ KXPDQ DQG
QRQKXPDQ SULPDWHV 6SRQVHO  ¿UVW FRLQHG WKH WHUP
HWKQRSULPDWRORJ\ WR UHIHU WR WKH LQWHUFRQQHFWLRQV EHWZHHQ
KXPDQDQGQRQKXPDQSULPDWHV,QOLWWOHPRUHWKDQDGHFDGH
VLQFHWKHQVWXGLHVLQHWKQRSULPDWRORJ\KDYHEHFRPHLQFUHDV
LQJO\FRPPRQ5LOH\:ROIHDQG)XHQWHV0DQ\
RIWKHVHVWXGLHVKDYHH[DPLQHGWKHHIIHFWVRISULPDWHHFRWRXU
LVPRQWKHVSHFLHVLWDLPVWRFRQVHUYH2IZLOGSULPDWHSRSX
ODWLRQVDWWRXULVPVLWHVSHUKDSVWKHPRVWVWXGLHGKDVEHHQWKH
JHQXV0DFDFD0DFDTXHV KDYH DZLGHUDQJLQJ GLVWULEXWLRQ
VSDQQLQJ(DVW$VLDWR1RUWKHUQ$IULFDDQG*LEUDOWDUDQGWKHLU
KRPHUDQJHVIUHTXHQWO\RYHUODSZLWKKXPDQKDELWDWDQGWRXU
LVWVLWHV)XHQWHV&ORVHFRQWDFWEHWZHHQKXPDQVDQG
PDFDTXHVFDQKDYHGHOHWHULRXVFRQVHTXHQFHV IRU WKHKHDOWK
RIERWKVSHFLHV0DFDTXHVFDQWUDQVPLWVLPLDQIRDP\YLUXV
KHUSHV % YLUXV VLPLDQ 7 FHOO O\PSKRWURSLF YLUXVHV DQG
VLPLDQUHWURYLUXVWRKXPDQV(QJHOHWDO-RQHV(QJHO
HWDO:ROIHHWDO,QWXUQKXPDQVFDQWUDQVPLW
PHDVOHV LQÀXHQ]D DQG UHVSLUDWRU\ SDWKRJHQV WR PDFDTXHV
-RQHV(QJHOHWDO+XPDQPDFDTXHLQWHUDFWLRQVFDQ
DOVR OHDG WR KHLJKWHQHG LQWUDJURXS DJJUHVVLRQ LQPDFDTXHV
LQMXU\WRERWKPDFDTXHVDQGKXPDQVDQGPLVVHGRUQHJDWLYH
HGXFDWLRQDO H[SHULHQFHV IRU KXPDQV =KDR DQG'HQJ
%HUPDQDQG/L%HUPDQHWDO0DFDTXHIRRGSUR
YLVLRQLQJKDVSRWHQWLDOO\KDUPIXOFRQVHTXHQFHVDVZHOOVHH
IRUH[DPSOH6RXWKZLFNHWDO6XJL\DPDDQG2KVDZD
=KDRDQG'HQJ
+VXHWDOVWXGLHGLQWHUDFWLRQVEHWZHHQ)RUPRVDQ
PDFDTXHV0DFDFDF\FORSLVDQGWRXULVWVDWDQDWXUHSDUNLQ
7DLZDQ,OOHJDOO\SURYLVLRQHGIRRGVLJQL¿FDQWO\LQFUHDVHGWKH
GXUDWLRQ DQG IUHTXHQF\ RI DJJUHVVLYH LQWHUDFWLRQV EHWZHHQ
WKHWZRVSHFLHV$JRQLVWLFEHKDYLRUVZHUHLQYROYHGLQ
RI RYHUDOO LQWHUDFWLRQVZLWK DGXOWPDOHV RI ERWK VSHFLHV DV
WKH DJHVH[ FODVVPRVW OLNHO\ WR HQJDJH LQ WKHVH EHKDYLRUV
+XPDQLQLWLDWHG LQWHUDFWLRQV H[FHHGHG PDFDTXHLQLWLDWHG
LQWHUDFWLRQVE\
2¶/HDU\DQG)DIRXQGVRPHVLPLODUSDWWHUQVZKHQ
WKH\H[DPLQHGWKHHIIHFWVRIWRXULVWVRQWKHEHKDYLRURI%DU
EDU\PDFDTXHV 0 V\OYDQXV LQ *LEUDOWDU 7RXULVWLQLWLDWHG
0F&DUWK\HWDO

LQWHUDFWLRQV RXWQXPEHUHG PDFDTXHLQLWLDWHG LQWHUDFWLRQV E\
)XUWKHUPRUHPDFDTXHVDGMXVWHG WKHLUGLXUQDODFWLYLW\
SDWWHUQVEDVHGRQ WRXULVWYLVLWDWLRQ URXWLQHVDQGZHUHPXFK
PRUHVHGHQWDU\FRPSDUHGWRWKHLUXQKDELWXDWHGFRXQWHUSDUWV
PRVWOLNHO\GXHWRIUHTXHQWIRRGSURYLVLRQLQJ0RUHUHFHQWO\
)XHQWHV D IRXQG VLJQL¿FDQWO\PRUH FRQWDFW WKDQ QRQ
FRQWDFWLQWHUDFWLRQVEHWZHHQ%DUEDU\PDFDTXHVDQGKXPDQV
DVZHOO DV DKLJKSURSRUWLRQRI LQWHUDFWLRQVDQG IRRGSURYL
VLRQLQJLQYROYLQJWD[LGULYHUVDQGWRXUJXLGHV
)XHQWHV E DOVR FRPSDUHG KXPDQPDFDTXH LQWHU
DFWLRQVDW VLWHV LQ*LEUDOWDUDQG%DOL ,Q%DOLKXPDQV LQWHU
DFWZLWKORQJWDLOHGPDFDTXHV0IDVFLFXODULVSULPDULO\DW
+LQGX WHPSOH VLWHV 7RXULVWV DUH PRUH IUHTXHQWO\ ELWWHQ E\
ORQJWDLOHGPDFDTXHV LQ%DOL WKDQ E\%DUEDU\PDFDTXHV LQ
*LEUDOWDU7KHUH DUH DOVR KLJKHU UDWHV RIPDFDTXHPDFDTXH
DJJUHVVLRQ DV ZHOO DV PDFDTXHKXPDQ DJJUHVVLRQ LQ %DOL
WKDQRQ*LEUDOWDUZKLFK)XHQWHV DWWULEXWHV WRERWK WKH FRQ
WH[WV RI LQWHUDFWLRQV DQG WR VSHFLHVVSHFL¿F GLIIHUHQFHV
EHWZHHQ0V\OYDQXVDQG0 IDVFLFXODULV$WERWK*LEUDOWDU
DQG%DOL DGXOWPDOHPDFDTXHVDUHRYHUUHSUHVHQWHG LQ LQWHU
DFWLRQV ZKLOH DGXOW IHPDOHV DUH XQGHUUHSUHVHQWHG )XHQWHV
HWDO XVHGTXDOLWDWLYHDVVHVVPHQWWHFKQLTXHVWRFRP
SDUHWKHVHVDPHWZRVLWHV7KH\HPSKDVL]HWKHLPSRUWDQFHRI
LQFRUSRUDWLQJKXPDQYDULDEOHVLQWRDVVHVVPHQWVRIPDFDTXH
EHKDYLRU DQG HFRORJ\3ROLWLFDO FXOWXUDO DQG HFRQRPLF IDF
WRUVDWERWKVLWHVSOD\UHOHYDQWUROHVLQPDFDTXHEHKDYLRUVDQG
PDFDTXHKXPDQLQWHUDFWLRQV7KHVHIDFWRUVDIIHFWWKHW\SHVRI
LQWHUDFWLRQVWKDWRFFXUDVZHOODVKXPDQDWWLWXGHVWRZDUGWKH
PDFDTXHV DQG WKH SRWHQWLDO IRU GLVHDVH WUDQVPLVVLRQ )XHQ
WHVDQGFROOHDJXHVXQGHUVFRUHWKHLPSRUWDQFHRIFRQVLGHULQJ
WKHQHHGVRIDOOVWDNHKROGHUVZKHQGHYHORSLQJPDQDJHPHQW
VWUDWHJLHV WR PDLQWDLQ PDFDTXH HFRWRXULVP VLWHV ,QGHHG
/RXGRQHWDOQRWHGVXEVWDQWLDOGLIIHUHQFHVLQKXPDQ
DWWLWXGHV WRZDUG ORQJWDLOHG PDFDTXHV DFURVV  GLIIHUHQW
+LQGXWHPSOHVLWHVLQ%DOL7KHVHDWWLWXGLQDOGLIIHUHQFHVDUH
PRVWOLNHO\GXHWRYDU\LQJFXOWXUDODQGHFRQRPLFFRQGLWLRQV
EHWZHHQ WKH VLWHV7KHLU UHVXOWVKLJKOLJKW WKH LPSRUWDQFHRI
HYDOXDWLQJHDFKPDFDTXHKXPDQLQWHUDFWLRQVLWHLQGLYLGXDOO\
EHIRUHGHYHORSLQJPDQDJHPHQWSUDFWLFHV
$GGLWLRQDO VWXGLHV KDYH IRFXVHG VROHO\ RQ LQWHUDFWLRQV
EHWZHHQ ORQJWDLOHGPDFDTXHV DQG KXPDQV LQ %DOL:KHDW
OH\DQG+DU\D3XWUDUHSRUWHGWKDWWKHPDFDTXHVZHUH
SRVLWLYHO\ UHLQIRUFHG IRU DJJUHVVLYH EHKDYLRUV WRZDUG WRXU
LVWV YLD IRRG KDQGRXWV 7KH VSHHG DQG LQWHQVLW\ RI DJJUHV
VLYHPDFDTXHEHKDYLRUVZHUHSRVLWLYHO\FRUUHODWHGZLWK WKH
TXDQWLW\DQGTXDOLW\RIDYDLODEOHIRRG:KHDWOH\DQG+DU\D
3XWUDDOVRIRXQGDSRVLWLYHFRUUHODWLRQEHWZHHQWKHIUHTXHQF\
RI UHGLUHFWHGPRQNH\PRQNH\ DJJUHVVLRQ DQG WKH SUHVHQFH
RI SURYLVLRQHG IRRG 3DW]VFKNH HW DO  IRXQG SRWHQ
WLDOO\GHOHWHULRXVFRQVHTXHQFHV UHODWHG WR IRRGSURYLVLRQLQJ
LQORQJWDLOHGPDFDTXHV0RQNH\VVSHQWWZLFHDVPXFKWLPH
QHDUKXPDQVDQGDWH¿YHWLPHVDVPXFKDQWKURSRJHQLFIRRG
RQ GD\V ZLWK KLJK YHUVXV ORZ OHYHOV RI IRRG SURYLVLRQLQJ
0DFDTXHV VSHQW OHVV WLPHRQ WKHJURXQG DQG VKRZHGPRUH
VRFLDO EHKDYLRUV ZKHQ DZD\ IURP WKH SUHVHQFH RI WRXULVWV
)XHQWHV DQG*DPHUO  H[DPLQHG LQWHUDFWLRQV EHWZHHQ
WRXULVWV DQG ORQJWDLOHGPDFDTXHV UHSRUWLQJ WKDW DGXOW DQG
VXEDGXOWPDOHPDFDTXHVZHUH LQYROYHG LQPRUH DJJUHVVLYH
LQWHUDFWLRQVZLWKKXPDQVWKDQH[SHFWHGE\FKDQFHZKHUHDV
DGXOW IHPDOHVDQGLPPDWXUHVZHUH LQYROYHGLQIHZHU$GXOW
PDOH KXPDQV UHFHLYHG PRUH DJJUHVVLYH EHKDYLRUV WKDQ
H[SHFWHGE\FKDQFHDQGKXPDQIHPDOHFKLOGUHQUHFHLYHGOHVV
:KLOHORQJWDLOHGPDFDTXHVLQ%DOLDSSHDUWREHDIIRUGHGVRPH
SURWHFWLRQWKURXJKWKHLULQWHUDFWLRQVZLWKKXPDQVWKHVHLQWHU
DFWLRQVPD\QRWEHVXVWDLQDEOH,QFUHDVHGWRXULVPFKDQJHVLQ
SDWWHUQVRIODQGXVHLQFUHDVHGSHVWLFLGHXVHDQGWKHSRWHQWLDO
IRUGLVHDVHWUDQVPLVVLRQPD\HYHQWXDOO\OHDGWRDOHVVVWDEOH
HQYLURQPHQWIRUWKHPDFDTXHV)XHQWHVHWDO
,Q6LQJDSRUHORQJWDLOHGPDFDTXHVDUHVLJQL¿FDQWO\PRUH
OLNHO\ WR LQWHUDFWZLWKKXPDQV LI IRRGLVSUHVHQWUDWKHU WKDQ
DEVHQW)XHQWHVHWDO$OWKRXJKDGXOWKXPDQVW\SLFDOO\
SURYLVLRQIRRGWRWKHPDFDTXHVVLJQL¿FDQWO\PRUHFKLOGUHQ
ZHUHSUHVHQWDWIHHGLQJWLPHVWKDQDWQRQIHHGLQJWLPHVVXJ
JHVWLQJWKDWIRRGSURYLVLRQLQJLVLQÀXHQFHGE\FKLOGUHQXUJLQJ
WKHLUSDUHQWV WRIHHG WKHPRQNH\VRUE\SDUHQWVDWWHPSWLQJ
WRHQWHUWDLQWKHLUFKLOGUHQ7KHVHUHVXOWVVXJJHVWWKDWVLPLODU
WRRWKHUVLWHVIRRGPD\EHVWURQJO\LQYROYHGLQSHUSHWXDWLQJ
PDFDTXHKXPDQ LQWHUDFWLRQV/HYHOVRI FRQWDFW LQWHUDFWLRQV
DQG DJJUHVVLRQ DUH UHODWLYHO\ ORZ EHWZHHQ PDFDTXHV DQG
KXPDQVDWWKLVVLWHODUJHO\EHFDXVHLQWHUDFWLRQVW\SLFDOO\WDNH
SODFHDORQJURDGVLGHVZKHUHKXPDQVWKURZIRRGIURPFDUV
$GGLWLRQDOO\XQOLNHDWPDQ\RWKHULQWHUDFWLRQVLWHV6LQJDSRUH
KDV DQ HGXFDWLRQ SURJUDP WRPLQLPL]H FRQWDFW LQWHUDFWLRQV
EHWZHHQPDFDTXHVDQGKXPDQVDQGVRPHWLPHVHQIRUFHV¿QHV
DQGSHQDOWLHVIRUGRLQJVR)XHQWHVHWDO
7LEHWDQPDFDTXHV0WKLEHWDQDLQWHUDFWZLWKWRXULVWVDW
WZR VLWHV LQ&KLQD0W (PHL DQG0W+XDQJVKDQ7LEHWDQ
PDFDTXHV DW0W(PHL RIWHQ UREYLVLWRUV RI IRRG DQGRWKHU
SRVVHVVLRQV =KDRDQG'HQJ9LVLWRUV DUH VRPHWLPHV
LQMXUHGE\WKHPDFDTXHVZLWKWHQKXPDQGHDWKVLQDSHULRG
RI HLJKW\HDUV DV DQ LQGLUHFW UHVXOW RIPDFDTXH LQWHUDFWLRQV
=KDRDQG'HQJFRQFOXGHGWKDWFORVHLQWHUDFWLRQVZHUHPRVW
OLNHO\WROHDGWRDJJUHVVLYHHQFRXQWHUVDQGWKDWYLVLWRUEHKDY
LRUVLQYROYLQJIRRGFDUU\LQJDQGVXEPLVVLRQZHUHPRVWOLNHO\
WR SURYRNH VXFK HQFRXQWHUV 0RUH UHFHQWO\ =KDR 
DVVHVVHGGDWDIURP0W(PHLDQGFRQFOXGHGWKDWDFRPELQD
WLRQ RI FODVVLFDO DQG RSHUDQW FRQGLWLRQLQJ SURFHGXUHV KDYH
OHGWRDJJUHVVLYHLQWHUDFWLRQVEHWZHHQPDFDTXHVDQGKXPDQV
7KH PDFDTXHV KDYH EHHQ FODVVLFDOO\ FRQGLWLRQHG WR DVVRFL
DWHWRXULVWVZLWKIRRGDQGKDYHEHHQVKDSHGWKURXJKRSHUDQW
FRQGLWLRQLQJWREHJDSSURDFKDQGXVHDJJUHVVLRQWRREWDLQ
IRRG=KDRVXJJHVWVSODFLQJUHVWULFWLRQVRQIRRGFDUU\LQJDQG
WRXULVWPDFDTXHLQWHUDFWLRQVDW0W(PHL
/RQJWHUPGDWDIURPDJURXSRI7LEHWDQPDFDTXHVDW0W
+XDQJVKDQ&KLQD DOVR LQGLFDWH WKDW HFRWRXULVPPD\QHJD
WLYHO\ LPSDFWPDFDTXHV%HUPDQHWDO  UHSRUWHG WKDW
WKH JURXS GLVSOD\HG KHLJKWHQHG VLJQV RI GLVWXUEDQFH VXFK
DVLQFUHDVHGDJJUHVVLRQDQGLQIDQWPRUWDOLW\DVDIXQFWLRQRI
UDQJHUHVWULFWLRQIRUWRXULVPSXUSRVHV5XHVWRIRXQG
DVLJQL¿FDQWSRVLWLYHFRUUHODWLRQEHWZHHQWKHIUHTXHQFLHVRI
PDFDTXHWKUHDWVDQGWRXULVWEHKDYLRUVGLUHFWHGDWPDFDTXHV
0DWKHVRQ HW DO  IRXQG WKDW PRQNH\V¶ WKUHDWV ZHUH
7LEHWDQPDFDTXHDQGWRXULVWEHKDYLRUV

XVXDOO\GLUHFWHGIURPDGXOWVWRMXYHQLOHVDQGIURPMXYHQLOHVWR
KXPDQVSRVVLEO\GXHWRUHGLUHFWLRQ6HOIGLUHFWHGEHKDYLRUV
LQWKLVJURXSZHUHSRVLWLYHO\FRUUHODWHGZLWKWRXULVWGHQVLW\LQ
DQDUHDRIWKHKRPHUDQJHLQFORVHSUR[LPLW\WRWRXULVWSODW
IRUPV0DWKHVRQHWDO$GGLWLRQDOO\JURRPLQJERXWV
DPRQJ WKHVH PDFDTXHV ZHUH VLJQL¿FDQWO\ PRUH IUHTXHQW
ZKHQWRXULVWVZHUHSUHVHQWUDWKHUWKDQDEVHQW7RXULVWGHQVLW\
VKRZHGDSRVLWLYHWUHQGZLWKUHJDUGWRIHPDOHJURRPLQJDQG
ZDVSRVLWLYHO\FRUUHODWHGZLWKVHOIJURRPLQJE\DGXOWPDOHV
0DFNHWDO
$OWKRXJKWKHVHGDWDGHPRQVWUDWHDUHODWLRQVKLSEHWZHHQ
RYHUDOO IUHTXHQF\ RI WRXULVW EHKDYLRUV DQGPDFDTXH WKUHDWV
WKH FDXVDO UHODWLRQVKLS EHWZHHQ WKHPKDV UHPDLQHGXQFOHDU
7KHDLPRIWKHSUHVHQWVWXG\ZDVWRFODULI\WKHRUGHURIHYHQWV
WKDW W\SLFDOO\RFFXUVGXULQJPDFDTXHKXPDQ LQWHUDFWLRQV DW
0W+XDQJVKDQ
0HWKRGV
6XEMHFWVDQG6WXG\6LWH
'DWDZHUHFROOHFWHGRYHUVHVVLRQVIURP±$XJXVW
DW0W+XDQJVKDQ$QKXL3URYLQFH&KLQD
1

(HOHYDWLRQP0W+XDQJVKDQLVDWRXULVW
VLWHLQHDVWFHQWUDO&KLQDVHH)LJ7KHPLGGOHDQGORZHU
HOHYDWLRQVRIWKHVLWHVXSSRUWPL[HGHYHUJUHHQDQGGHFLGXRXV
IRUHVWVWKDWDUHKRPHWRVHYHUDOJURXSVRI7LEHWDQPDFDTXHV
0DFDFDWKLEHWDQD
<XOLQJNHQJ$<$WKHJURXSREVHUYHGIRUWKLVVWXG\
KDVEHHQVWXGLHGE\&KLQHVHUHVHDUFKHUVVLQFHDQGVXE
MHFWHG WR WRXULVPVLQFHVHH)LJ$OO<$VXEDGXOW
DQGDGXOWPDFDTXHVWKUHHDGXOWPDOHV¿YHDGXOWIHPDOHVDQG
WZRVXEDGXOWPDOHVVHUYHGDVWKHIRFXVRIWKLVVWXG\,QIDQWV
DQG MXYHQLOHVZHUH H[FOXGHG VLQFH WKH\GRQRW GLVSOD\ WKH
IXOOUDQJHRIVSHFLHVW\SLFDOVRFLDOEHKDYLRUVXQGHUVWXG\DQG
DUHGLI¿FXOWWRLGHQWLI\UHOLDEO\.XWVXNDNHDQG&DVWOHV
'DWDZHUHFROOHFWHGIURPDWRXULVWYLHZLQJSODWIRUPORFDWHG
LQWKHPDFDTXHV¶KRPHUDQJHVHH)LJ
7DEOH(WKRJUDPRIKXPDQWRXULVWEHKDYLRUVï
%HKDYLRU 'HVFULSWLRQ
%DUEHG:LUH6KDNH 7RXULVWVKDNHVWKHEDUEHGZLUHWKDWERUGHUVWKHYLHZLQJSODWIRUPUDLOLQJ
'DQJOH 7RXULVWGDQJOHVIRRGERG\SDUWVRUREMHFWVRYHUWKHYLHZLQJSODWIRUPUDLOLQJWRZDUGPDFDTXHV
)OHH 7RXULVWWXUQVDQGUXQVDZD\IURPPDFDTXHV
)RRW1RLVH 7RXULVWVWDPSVIHHWRUNLFNVZDOOLQREVHUYDWLRQDUHD
+DQG1RLVH 7RXULVWPDNHVQRLVHVZLWKRQHRUERWKKDQGV
0LPLF 7RXULVWPLPLFVIDFLDOH[SUHVVLRQVDQGRUERG\ODQJXDJHRIDPDFDTXHWKUHDWHJH\HEURZUDLVHVWDUHDQGJURXQGVODS
0RXWK1RLVH 7RXULVWPDNHVQRLVHZLWKPRXWKGLUHFWHGWRZDUGPDFDTXH
6KRZ5RFN 7RXULVWSUHWHQGVWRWKURZURFNDWPDFDTXHV
3RLQW 7RXULVWSRLQWVDWPDFDTXHVZLWKDUPH[WHQGLQJWRZDUGPDFDTXHV¶IHHGLQJDUHD
5DLOLQJ6ODS 7RXULVWVODSVUDLORUSRVWLQREVHUYDWLRQDUHDZKLFKPD\EHGRQHZLWKKDQGVRUREMHFWV
6SLW 7RXULVWVSLWVLQWRPDFDTXHDUHD
7KURZ)RRG 7RXULVWGURSVRUWKURZVIRRGLWHPLQWRWKHPDFDTXHDUHDRUGLUHFWO\WRDPDFDTXH
7KURZ2EMHFW 7RXULVWGURSVRUWKURZVQRQIRRGLWHPLQWRPDFDTXHDUHDLQFOXGHVURFN
:DYH 7RXULVWZDYHVDWPDFDTXH&DQEHGRQHZLWKKDQGVRUREMHFWV
ï'HULYHGIURP5XHVWRDQGGDWDFROOHFWRUV¶REVHUYDWLRQVLQWKLVVWXG\
)LJXUH/RFDWLRQRIVWXG\VLWH0DSE\/XF\$5XHVWRXVLQJ$UF*,6Y
)LJXUH 0DFDFD WKLEHWDQD DGXOWPDOH DGXOW IHPDOH DQG LQIDQW 3KRWR E\
/XF\$5XHVWR
0F&DUWK\HWDO

3URFHGXUHV
'DWD FROOHFWRUV DFKLHYHG   DQG  LQWHURE
VHUYHU UHOLDELOLW\ IRU PDFDTXH LGHQWLW\ PDFDTXH EHKDYLRUV
DQG WRXULVW EHKDYLRUV UHVSHFWLYHO\ SULRU WR EHJLQQLQJ GDWD
FROOHFWLRQ7DEOHVKRZVDQHWKRJUDPRIKXPDQEHKDYLRUV
DQGPDFDTXHEHKDYLRUVZHUHWKRVHGHVFULEHGE\%HUPDQHWDO
,QHDFKVHVVLRQGDWDFROOHFWRUVVHOHFWHGDIRFDODQLPDO
RSSRUWXQLVWLFDOO\ EDVHG RQ WKHLU YLVLELOLW\ DQG RULHQWDWLRQ
WRZDUGDWRXULVW7ZRGDWDFROOHFWRUVUHFRUGHGWKHRFFXUUHQFH
RI DQ\ HWKRJUDPGH¿QHG EHKDYLRUV ZLWK RQH GDWD FROOHF
WRUVSHDNLQJWKHPDFDTXHEHKDYLRUVDORXGZKLOHWKHVHFRQG
UHFRUGHGWKHVHDQGWKHEHKDYLRURIWKHUHOHYDQWWRXULVWVVR
WKDWWKHVHTXHQFHZDVSUHVHUYHG$VHTXHQFHZDVGH¿QHGDV
D VWULQJRIEHKDYLRUV LQZKLFKHDFKEHKDYLRURFFXUVZLWKLQ
¿YHVHFRQGVRIWKHSUHYLRXVEHKDYLRU'DWDFROOHFWLRQFHDVHG
ZKHQWKHPDFDTXHVOHIWWKHDUHDDQGZHUHQRORQJHUYLVLEOH
IURPWKHYLHZLQJSODWIRUPV'DWDFROOHFWRUVDWWHPSWHGWRGLV
WULEXWHIRFDOREVHUYDWLRQVHTXDOO\DFURVVPDFDTXHVKRZHYHU
WKHRSSRUWXQLVWLFQDWXUHRIGDWDFROOHFWLRQPHDQW WKDW VRPH
PDFDTXHV ZHUH REVHUYHG PRUH WKDQ RWKHUV RU FRQWULEXWHG
PRUHEHKDYLRUVWRVHTXHQFHV7RHQVXUHHTXDOUHSUHVHQWDWLRQ
XQGHUGLIIHUHQWFRQGLWLRQVREVHUYDWLRQVHVVLRQVZHUHGLVWULE
XWHGDFURVVWKHGD\DVZHOODVGXULQJWLPHVRIKLJKDQGORZ
WRXULVWGHQVLW\5HVHDUFKPHWKRGVZHUHDSSURYHGE\WKH,QVWL
WXWLRQDO$QLPDO&DUHDQG8VH&RPPLWWHHDQGWKH+XPDQ6XE
MHFWV5HVHDUFK&RPPLWWHHRI&HQWUDO:DVKLQJWRQ8QLYHUVLW\
5HVXOWV
,QDOOEHKDYLRUVZHUHUHFRUGHGZHUH
SHUIRUPHGE\ WRXULVWV DQG  ZHUH SHUIRUPHGE\
PDFDTXHV7KHPRVWFRPPRQO\REVHUYHGPDFDTXHDQGWRXU
LVWEHKDYLRUVRYHUDOOZHUHSRLQWVZDYHVDQGIDFLDOWKUHDWV
2IPDFDTXHEHKDYLRUVZHUHSHUIRUPHGE\DGXOW
IHPDOHV E\VXEDGXOWPDOHVDQG E\
DGXOWPDOHV2YHUDOO EHKDYLRUV RFFXUUHG VLQJO\
DQGRFFXUUHGLQVHTXHQFHV
$WRWDORIVHTXHQFHVZHUHREVHUYHG7KHVHUDQJHGLQ
OHQJWKIURPWREHKDYLRUVZLWKWZREHKDYLRUVHTXHQFHV
RFFXUULQJ PRVW IUHTXHQWO\ Q  2I WKHVH VHTXHQFHV
  LQYROYHG RQO\ KXPDQ EHKDYLRUV  
LQYROYHG D FRPELQDWLRQ RI KXPDQ DQG PDFDTXH EHKDYLRUV
DQG   LQYROYHG RQO\ PDFDTXH EHKDYLRUV 7KHUH
ZHUH VLJQL¿FDQWO\PRUH WRXULVWRQO\ VHTXHQFHV WKDQ WRXULVW
PDFDTXHDQGPDFDTXHRQO\VHTXHQFHVȤð S
6HTXHQFHV LQYROYLQJ ERWK KXPDQ DQG PDFDTXH EHKDYLRUV
)LJXUH0DFDTXHVDQGWRXULVWVDWWKHSURYLVLRQLQJVLWH3KRWRE\0DXUHHQ60F&DUWK\
7LEHWDQPDFDTXHDQGWRXULVWEHKDYLRUV

FRQVLVWHG RI VLJQL¿FDQWO\ PRUH EHKDYLRUV WKDQ WRXULVWRQO\
DQG PDFDTXHRQO\ VHTXHQFHV 0  EHKDYLRUV YV 
DQG  UHVSHFWLYHO\ )   S VHH
)LJ+XPDQVLQLWLDWHGVLJQL¿FDQWO\PRUHVHTXHQFHVWKDQ
GLGPDFDTXHV>@YV>@] S
VHH)LJ
7KH SUHYDOHQFH RI WRXULVW EHKDYLRUV LQYROYHG LQ WRXU
LVWRQO\ VHTXHQFHV DQG LQ WRXULVWPDFDTXH VHTXHQFHV ZHUH
FRPSDUHG)OHH Q  ]  S SRLQW Q 
]  S VKRZ URFN Q  ]  S DQG
UDLOLQJ VODS Q  ]  S DOO RFFXUUHG PRUH
IUHTXHQWO\WKDQH[SHFWHGLQWRXULVWPDFDTXHVHTXHQFHV7KH
EHKDYLRUVIROORZLQJWKHRFFXUUHQFHRIWRXULVWSRLQWDQGUDLOLQJ
VODSLQVHTXHQFHVZHUHH[DPLQHG)OHHDQGVKRZURFNZHUH
H[FOXGHG IURP WKLV DQDO\VLV GXH WR WKHLU ORZ WRWDO QXPEHUV
RIRFFXUUHQFHVDQGUHVSHFWLYHO\)RUSRLQWDQRWKHU
SRLQW ZDYH DQGUDLOLQJVODS ZHUH
WKHPRVW FRPPRQ WRXULVW EHKDYLRUV WR GLUHFWO\ IROORZ7KH
PRVW IUHTXHQWPDFDTXHEHKDYLRU WR IROORZD WRXULVW¶VSRLQW
ZDVD IDFLDO WKUHDW )RUUDLOLQJVODSDQRWKHUUDLOLQJ
VODSSRLQWDQGZDYHZHUHWKHPRVW
FRPPRQEHKDYLRUV RYHUDOO WR GLUHFWO\ IROORZ7KHPRVW IUH
TXHQWPDFDTXHEHKDYLRUWRIROORZDUDLOLQJVODSZDVDOXQJH
JURXQGVODS
7KHPRVWFRPPRQPDFDTXHEHKDYLRUVZHUHDOVRH[DP
LQHGWRGHWHUPLQHZKLFKRYHUDOOEHKDYLRUVGLUHFWO\SUHFHGHG
WKHP)RUIDFLDOWKUHDWVDQRWKHUIDFLDOWKUHDWPRVWRIWHQSUH
FHGHGLWIROORZHGE\DWRXULVW¶VSRLQWRUD
OXQJHJURXQG VODS  )RU OXQJHJURXQG VODS DQRWKHU
OXQJHJURXQGVODSFRPPRQO\SUHFHGHGLWDVZHOODV
DIDFLDOWKUHDWRUDWRXULVW¶VSRLQW)RUFKDUJH
D WRXULVW¶VSRLQW FRPPRQO\SUHFHGHG LW  DVZHOO DV D
IDFLDOWKUHDWRUOXQJHJURXQGVODS)LQDOO\IXOO
JULQVZHUHFRPPRQO\SUHFHGHGE\DQRWKHUIXOOJULQ
DVZHOODVDIDFLDOWKUHDWRUDWRXULVW¶VSRLQWHDFK$OO
RWKHUPDFDTXHEHKDYLRUVRFFXUUHGOHVVWKDQWLPHVRYHUDOO
'LVFXVVLRQ
7KH PRVW SUHYDOHQW EHKDYLRUV E\ IDU ZHUH WKRVH SHU
IRUPHGE\WRXULVWV1RWRQO\GLGWKH\SHUIRUPWKHPRVWEHKDY
LRUVEXWWKH\DOVRLQLWLDWHGIDUPRUHVHTXHQFHVWKDQPDFDTXHV
'HVSLWHWKLVVHTXHQFHVFRQWDLQLQJERWKWRXULVWDQGPDFDTXH
EHKDYLRUV ZHUH VLJQL¿FDQWO\ ORQJHU WKDQ WKRVH FRQWDLQLQJ
RQO\ WRXULVW RU PDFDTXH EHKDYLRUV 7KLV VXJJHVWV WKDW WUXH
LQWHUDFWLRQV RFFXUUHG QRW MXVW LQGHSHQGHQW EHKDYLRUV IURP
HDFKVSHFLHV7RXULVWEHKDYLRUVSURPSWHGPDFDTXHEHKDYLRUV
DQG YLFH YHUVD WKXV H[WHQGLQJ LQWHUDFWLRQV3RLQW DQG UDLO
LQJVODSZHUH WKH WRXULVWEHKDYLRUV WKDWRFFXUUHGPRUH WKDQ
H[SHFWHGLQWRXULVWPDFDTXHEHKDYLRUDOVHTXHQFHV7KDWWKHVH
EHKDYLRUVZHUHPRVW FRPPRQO\ IROORZHGE\DQRWKHURFFXU
UHQFH RI WKH VDPH EHKDYLRU VXJJHVWV WKDW WRXULVWV UHSHDWHG
EHKDYLRUVLQDQDWWHPSWWRHOLFLWPDFDTXHUHVSRQVHV7RXULVW
EHKDYLRUV VXFK DV VKRZ URFN DQG WKURZREMHFWPD\EH FRQ
VLGHUHGPRUHLQWHQVHO\WKUHDWHQLQJWRPRQNH\VEXWRFFXUUHG
PXFKOHVVIUHTXHQWO\SRVVLEO\EHFDXVHWKH\PRUHHIIHFWLYHO\
HOLFLWHGIULJKWHQLQJPDFDTXHUHVSRQVHV
$OWKRXJKSRLQWVDQGUDLOLQJVODSVZHUHPRVWFRPPRQO\
IROORZHG E\ DGGLWLRQDO WRXULVW EHKDYLRUV PDFDTXH WKUHDWV
VRPHWLPHV IROORZHG7KHVHPDFDTXH WKUHDWV GHPRQVWUDWH D
PHDQLQJIXOSDWWHUQEDVHGRQ WKHKXPDQEHKDYLRUSUHFHGLQJ
WKHP$IDFLDOWKUHDWZDVWKHPRVWFRPPRQPDFDTXHEHKDY
LRUWRIROORZDWRXULVW¶VSRLQWEXWDOXQJHJURXQGVODSZDVWKH
PRVWFRPPRQPDFDTXHEHKDYLRUWRIROORZDWRXULVW¶VUDLOLQJ
VODS%DVHGRQLWVQRLVHFRPSRQHQWDQGDEUXSWQHVVDUDLOLQJ
VODSPD\EHFRQVLGHUHGDPRUHLQWHQVHWRXULVWEHKDYLRUWKDQ
DSRLQW DQG WKXV QRW VXUSULVLQJO\ZDVPRUH FRPPRQO\ IRO
ORZHGE\DPRUHLQWHQVHPDFDTXHEHKDYLRUQDPHO\DOXQJH
JURXQGVODSDVRSSRVHGWRDIDFLDOWKUHDW,QFRQWUDVWDSRLQW
ZKLOHRFFXUULQJYHU\IUHTXHQWO\PD\EHUHODWLYHO\EHQLJQDQG
WKXV UHVXOW PRUH FRPPRQO\ LQ DPLOGHU UHVSRQVH IURP WKH
PDFDTXHDIDFLDOWKUHDW+RZHYHUWKDWDPDFDTXH¶VFKDUJH
ZDVPRVW FRPPRQO\SUHFHGHGE\D WRXULVW¶VSRLQW VXJJHVWV
WKDW WKHPDFDTXHVFDQVRPHWLPHVEHDJJUHVVLYHO\SURYRNHG
E\SRLQW
'DWD FROOHFWRUV REVHUYHG DQHFGRWDOO\ WKDW VRPH WRXULVW
EHKDYLRUV YDULHG ZLGHO\ LQ LQWHQVLW\ OHYHOV ZKLOH VWLOO IDOO
LQJZLWKLQWKHRSHUDWLRQDOGH¿QLWLRQVWKDWKDGEHHQDVVLJQHG
6HTXHQFHW\SH







0
HD
Q
VH
TX
HQ
FH
OH
QJ
WK

6
(
0
+XPDQRQO\ +XPDQPDFDTXH 0DFDTXHRQO\
6HTXHQFHW\SH
0DFDTXHLQLWLDWHG+XPDQLQLWLDWLHG










1
XP
EH
U
RI
V
HT
XH
QF
HV
)LJXUH0HDQVHTXHQFHOHQJWKE\VHTXHQFHW\SH
)LJXUH6HTXHQFHLQLWLDWLRQV
0F&DUWK\HWDO

DSULRUL)RUH[DPSOHSRLQWVWKDWEURNHWKHSODQHRIWKHYLHZ
LQJ SODWIRUPV DQG H[WHQGHG RYHU WKH UDLOLQJV DQG LQWR WKH
PDFDTXHV¶IHHGLQJDUHDDSSHDUHGPRUHOLNHO\WRHYRNHWKUHDWV
WKDQ WKRVH WKDW RFFXUUHG IXUWKHU EDFN RQ WKH SODWIRUPV DQG
DZD\ IURP WKH IHHGLQJ DUHD %HKDYLRUV LQYROYLQJ DQ DXGL
WRU\FRPSRQHQWVXFKDVKDQGQRLVHIRRWQRLVHPRXWKQRLVH
DQGUDLOLQJVODSDSSHDUHGWRYDU\LQWKHLUOLNHOLKRRGWRHYRNH
PDFDTXH EHKDYLRUV EDVHG DW OHDVW SDUWO\ RQ WKH QRLVH OHYHO
DFFRPSDQ\LQJWKHP6LPLODUO\5XHVWRUHSRUWHGDVLJ
QL¿FDQWSRVLWLYHFRUUHODWLRQEHWZHHQGHFLEHOOHYHOVSURGXFHG
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